MOTOR- DRIVEN SYSTEM WITH STATOR PROVIDED WITH INDUCTORS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention generally relates to a motor-driven 

system. It particularly relates to a motor-driven system for 
use in a motor-driven golf cart, a motor scooter, an electric 
automobile, and a robot carrier car; a motor-driven system 
for use in index table driving, dram driving in a copying 
machine or the like; and a motor-driven system for use in a 
game machine and so on. 

2. Description of the Related Art 

Conventionally, as the electric motor of an electric 



automobile, a permanent magnet type brushless motor, o 



r a 



reluctance type brushless motor which does not use any permanent 

magnet has been used. 

Further, as the motor for driving a transfer drum of a 
copying machine or for driving a drum of a laser beam printer, 
rotation type electric motor provided with a reduction 



an rnner 



gear has been used. 

in the configuration of such a conventional motor-driven 
system as described above, however, there were problems as 
follows . 

(1) Since the electric motor had no inductors formed out of 
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magnetic teeth provided at the forward ends of the respective 
main poles of the stator, the number of the poles of the rotor 
was small so that the torque at a low speed was small. 
(2) in the case of performing direct driving without use of 
any reduction gear, it was necessary to make the number of the 
poles of the rotor large, and, at that time, the number of the 
main poles of the stator ( equal to the number of slots ) was large , 
the inner diameter of the stator was large and the motor per 
se was large in size. 

( 3) Even in the case of using a reduction gear, if the number 
of the poles of the rotor was small, the reduction gear ratio 
was large. 

(4) in the case of closed loop driving, there was a problem 
that the system was expensive and the torque at a low speed was 
small, because the stator had no inductors and the driving was 
not of a 3-phase system which was simple in driving and which 

was large in torque. 

BRIEF SUMMARY OF THE INVENTION 

It is an object of the present invention to solve the above 
problems and to provide a motor-driven system having a stator 
provided with inductors constituted by magnetic teeth at the 
forward ends of the respective main poles of the stator to 
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thereby realize an optimal driven system for an electric 
automobile, a robot carrier car, a dram of a copying machine 
or the like. 

in order to achieve the above object, according to a 
first aspect of the present invention, as stated in Claim 1, 
a rotational electric machine comprises: a stator having an 
annular magnetic substance, main poles provided so as to 
extend radially outward from the magnetic substance, windings 
wound on the main poles respectively, and inductors each 
constituted by a plurality of magnetic teeth formed at a 
forward end of corresponding one of the main poles; and an 
outer rotor type permanent magnet rotor having north (N) and 



south (S) magnetic poles arranged alternately on an 



xnner 



circumference of the rotor and in a rotating direction of the 
rotor, the stator and the rotor being in opposition to each 
other while an air gap is held therebetween. In the 
rotational electric machine, a motor-driven system is 
provided so that an outer rotating body such as a tire, a drum, 
a table or the like is mounted on an outer circumferential 
portion or on a side portion of the rotor. 

According to a second aspect of the present invention, 



as s 



tated in Claim 2 , a rotational electric machine comprises : 



a stator having an annular magnetic substance, main poles 
provided so as to extend radially outward from the magnetic 
substance, windings wound on the main poles respectively, and 
inductors each constituted by a plurality of magnetic teeth 
formed at a forward end of corresponding one of the main poles ; 
and an outer rotor type rotor constituted by a magnetic 
substance having magnetic teeth formed on an inner 
circumference thereof, the stator and the rotor being in 
opposition to each other while an air gap is held therebetween . 
in the rotational electric machine, a motor-driven system is 
provided so that an outer rotating body such as a tire, a drum, 
L a table or the like is mounted on an outer circumferential 

^ a 

ry portion or on a side portion of the rotor. 

Q According to a third aspect of the present invention, 

as stated in Claim 3 , in a rotational electric machine 
according to Claim 1 or 2, a motor-driven system wherein an 
outer rotating body such as a tire, a drum, a table or the 
like is mounted on the outer circumferential portion or on 
the side portion of the rotor through an output portion of 
a reduction gear, the output portion being concentric with 
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tation shaft and output of the rotational electric 



machine. 



4 



According to a fourth aspect of the present invention, 
as stated in Claim 4, in a rotational electric machine 
according to any one of Claims 1 to 3, a motor-driven system 
is provided so that the stator has a 3-phase winding 
structure. 

According to a fifth aspect of the present invention, 
as stated in Claim 5, in a rotational electric machine 
according to any one of Claims 1 to 3 , or in a rotational 
electric machine which is obtained by changing an outer roller 
type rotational electric machine according to Claim 1 or 2 
into an inner rotor type, or in a rotational electric machine 
of the inner rotor type and of a 3-phase HB type in which the 
number of rotor teeth is P, a motor-driven system is provided 
so that, as a voltage to be applied to the rotational electric 



mac 



vo 



hine, a voltage of a battery is used while the battery 



ltage is stepped up/down by chopping, wherein P=m(3n±l) 
in which m is the number of main poles of the stator for each 
phase and an integer not smaller than 1 , or P=k( 6n± 1 ) in which 
2k is the number of main poles of the stator for each phase 
and each of k and n is an integer not smaller than 1. 

According to a sixth aspect of the present invention, 
as stated in Claim 6 , in a rotational electric machine 



according to any one of Claims 1 to 3 , or in a rotational 
electric machine which is obtained by changing an outer rotor 
type rotational electric machine according to Claim 1 or 2 
into an inner rotor type, or in a rotational electric machine 
of the inner rotor type and a 3 -phase HB type in which the 
number of rotor teeth is P, a motor-driven system is provided 
so that a phase of current relative to a motional 
electromotive force of the rotational electric machine is 
controlled, and so that P=m(3n±l) in which m is the number 
of main poles of the stator for each phase and an integer not 
smaller than 1, or P=k(6n±l) in which 2k is the number of 
main poles of the stator for each phase and each of k. and n 
is an integer not smaller than 1. 

Further, according to a seventh aspect of the 
present invention, as stated in Claim 7 , in a rotational 
electric machine according to any one of Claims 1 to 3 , or 



in a 



rotational electric machine which is obtained by changing 



an outer rotor type rotational electric machine according to 
Claim 1 or 2 into an inner rotor type, or in a 3-phase 
rotational electric machine of an outer or inner rotor type 
having main poles the number of which is 3m or 6k with 3- 
phase windings , the rotor being of a HB type in which the number 



of rotor teeth is P or being of a cylindrical type in which 
the number of rotor poles is 2P and the cylindrical rotor is 
magnetized into north (N) and south (S) magnetic poles 
alternately, a motor-driven system is provided so that 
positional information of the rotor is obtained to thereby 
obtain timing of excitation of windings, and so that P=m(3n 
±1) in which m is the number of main poles of the stator for 
each phase and an integer not smaller than 1, or P=k(6n± 
1 ) in which 2k is the number of main poles of the stator for 
each phase and each of k and n is an integer not smaller than 

1 . 

According to an eighth aspect of the present invention, 
as stated in Claim 8 , in a rotational electric machine 
according to any one of Claims 1 to 3 , or in a rotational 
electric machine which is obtained by changing an outer rotor 
type rotational electric machine according to Claim 1 or 2 
into an inner rotor type, or in a 3-phase rotational electric 
machine of an outer or inner rotor type having main poles the 
number of which is 3m or 6k with 3-phase windings, the rotor 
being of a HB type in which the number of rotor teeth is P 
or being of a cylindrical type in which the number of rotor 
poles is 2P and the cylindrical rotor is magnetized into north 



(N) and south (S) magnetic poles alternately, a motor-driven 
system is provided so that the axis of the rotating magnetic 
field is excited by the 3-phase excitation, microstep 
excitation or fullstep excitation which is advanced by 7 
degrees with respect to the shaft of the rotor at a present 
position. Here, P=m(3n±l) in which m is the number of main 
poles of the stator for each phase and an integer not smaller 
than 1, or P=k(6n±l) in which 2k is the number of main poles 
of the stator for each phase and each of k and n is an integer 

not smaller than 1. 

According to a ninth aspect of the present invention, 
as stated in Claim 9, a motor-driven system according to Claim 
8 is provided so that the value of 7 is equal to 90° (7 
=90°) in terms of electrical angle. 

Further, according to a tenth aspect of the present 
invention, as stated in Claim 10, a motor-driven system 
according to Claim 8 is provided so that when the value of 
7 is in a range of 0<7< = 90°, the motor is driven as an open 
loop stepping motor, or when y>90°, the motor is driven as 
a closed loop brushless motor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

iq. 1 is a front view showing a first embodiment of 



Fig 
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the motor-driven system according to the present invention; 
Fig. 2 is a vertically sectioned side view of Fig. 1; 
Fig. 3 is a perspective view showing the shape of another 
rotor which can be adapted to the first embodiment; 

Fig. 4 is a front view showing a second embodiment of 
the motor-driven system according to the present invention; 
Fig. 5 is a vertically sectioned side view of Fig. 4; 
Fig. 6A is a vertically sectioned side view showing a 
third embodiment of the motor-driven system according to the 

present invention; 

Fig. 6B is a radially sectioned view along a line of 

VIB-VIB in Fig. 6A; 

Fig. 7A shows waveforms of respective phase currents 
as a fifth embodiment of the motor-driven system according 

to the present invention; 

Fig. 7B is vector diagrams showing states of the 
rotating magnetic field due to the respective phase currents 

shown in Fig. 7A; 

Fig. 8A shows waveforms of respective phase currents 
as a sixth embodiment of the motor-driven system according 
to the present invention; and 

Fig. 8B is vector diagrams showing states of the 



rotating magnetic field due to the respective phase currents 
shown in Fig. 8A. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereunder, with reference to Figs. 1 through 5, Figs. 
6A and 6B, Figs. 7A and 7B and Figs. 8A and 8B, first to 
seventh embodiments of the motor-driven system having a 
stator provided with inductors (hereinafter simply 
referred to as "the motor-driven system") according to the 
present invention will be described. 

FirFt F.irihrtH i ment 

First, with reference to Figs. 1 through 3, the first 
embodiment of the motor-driven system according to the 
present invention will be described. Incidentally, the 
motor-driven system in the first embodiment corresponds to 

Claim 1. 

Fig. 1 is a front view of the first embodiment of the 
motor-driven system according to the present invention, Fig. 
2 is a vertically sectioned side view of Fig. 1, and Fig. 3 
is a perspective view showing the shape of another rotor which 
can be adapted to the first embodiment. 

As shown in Fig. 1, the main configuration of a 
motor-driven system 10 of the first embodiment is constituted 
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by an outer rotor type rotor 52 made of a permanent magnet 
having north (N) and south (S) magnetic poles formed 
alternately on the inner circumferential portion, a stator 
62 made of a magnetic substance, and an outer rotating body 
50 such as a tire, a drum or the like. 

The stator 62 has a plurality of main poles (twelve in 
Fig. 1) Al - C2 formed radially, and windings 61 wound on the 
main poles Al - C2 . The main poles of the stator 62 are 
disposed in opposition to the magnetic pole portion of the 
rotor 52 through an air gap. Incidentally, the numerical 
number 64 designates a hollow fixed shaft. 

in this case, as the number of pole pairs (number of 
N-S pairs) of the rotor 52 becomes large, generally, the 
torque increases and the motor rotates smoothly at a low 
speed. 

However, in order to increase the number of pole pairs 
of the rotor 52, it is necessary to increase the number of 
main poles of the stator 62 correspondingly. This results 
in increase in the number of coils, complex configuration of 
the motor and high cost. Accordingly, there is a limit in 
making such increase in the number of pole pairs as a matter 
of course. 



in the motor-driven system 10 of this embodiment, each 
of the main poles Al - C2 of the stator 62 is provided with 
an inductor constituted by a plurality of magnetic teeth 
formed at the forward end of the main pole, as shown in Fig. 
1. That is, the inductors formed at the forward ends of the 
respective main poles Al - C2 are made to be in opposition 
to the magnetic poles of the rotor 52. 

incidentally, in Fig. 1, the reference numeral 51 
designates a magnetic back yoke for the outer rotor type rotor 
52. It is desirable to provide such a magnetic back yoke 51 
to make the magnetic path sure. 

in Fig. 2, the reference numeral 64 designates a fixed 
shaft; 65, bearings; and 66 and 67, brackets provided on the 

opposite sides of the motor. 

Although the rotor 52 has a configuration of a permanent 
magnet type rotor constituted by a ring-like integral magnet 
as shown in Fig. 1, the rotor 52 is not limited to such a 

configuration. 

For example, as shown in Fig. 3, the rotor 52 may have 
onfiguration of a special hybrid type rotor (hereinafter 
referred to as a "HB-type rotor" ) in which two rotor magnetic 



a c 



po 



les 54 formed from claw-pole-like magnetic substances 



respectively are used so that a permanent magnet 53 magnetized 
in two poles in the axial direction is sandwiched by the two 
rotor magnetic poles 54. 

fi^nrmrl Embodiment 

Next, with reference to Figs. 4 and 5 , a second 
embodiment of the motor-driven system according to the 
present invention will be described. Incidentally, the 
motor-driven system in this embodiment corresponds to Claim 



Fig. 4 is a front view showing the second embodiment 
of the motor-driven system according to the present invention, 
and Fig. 5 is a vertically sectioned side view of Fig. 4. 

incidentally, in Figs. 4 and 5, one and the same 
reference number is attached to a constituent part common to 
each other. Further, constituent parts in Figs. 4 and 5 the 
same as or similar to those in Figs. 1 to 3 are referenced 
correspondingly. Accordingly, repeated description can be 
avoided . 

The motor-driven system 12 in this embodiment shows the 



case 



where the rotor 60 has teeth of a magnetic substance as 
shown in Fig. 4, and the rotor 60 is made to be in opposition 
to the stator 62 in the same manner as that shown in Fig. 1. 
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in this case, the rotor 60 is not magnetized into 
multiple poles so that the resolution can be made larger than 
that in Fig. 1. In this case, however, the field is not a 
permanent magnet field, there is a defect that the generated 
torque is apt to be non-linear relative to the exciting 
current. Thus, the rotor 60 has a difficulty in 

controllability . 

However, on the other hand, low cost and so on is the 

merit of the rotor 60. 

The rotational electric machine to be used in each of 
the motor-driven systems 10 and 12 shown in Figs. 1 to 5 is 

of a 3-phase type. 

The connection of the 3-phase type machine is realized 
by star-connection or delta-connection so that 3-terminal 
driving can be performed to make the driving simple in 
comparison with any other phase structure. 

Further, in this 3-phase type rotational electric 
machine, it is possible to obtain smooth rotation which is 
not affected by a third harmonic contained in the magnetic 
field or current. Accordingly, it can be said that the 
3-phase type rotational electric machine is an actuator 
adapted for an electric automobile, or the like. 



This embodiment corresponds to Claim 4. 

Third Kmfr'V i ment 

Next, with reference to Figs. 6A and 6B, a third 
embodiment of the motor-driven system according to the 
present invention will be described. 

Figs . 6A and 6B show the configuration of a motor-driven 
system 14 of the third Embodiment. Specifically, Fig. 6A is 
a vertically sectioned side view of the third embodiment of 
the motor-driven system 14, and Fig. 6B is a radially 
sectioned view along a line of VIB-VIB in Fig. 6A. 

incidentally, Figs. 6A and 6B, one and the same 
f erence number is attached to a constituent part common to 
each other. Further, constituent parts used in Figs. 6A and 
6B and the same as or similar to those in Figs. 1 through 5 
are referenced correspondingly. Accordingly, repeated 
description can be avoided. 

As shown in Figs. 6A and 6B, the motor-driven system 
14 in this embodiment corresponds to that which is stated in 
Claim 3. A planet gear type reduction gear or a harmonic 
reduction gear 20, which is arranged concentrically with an 
input side rotary shaft 22 and performs reduction gear and 
output, is mounted on the outer circumference or side surface 



re 



of the rotor of the rotational electric machine 21 as an outer 
rotor type electric motor. Internal constituent parts to be 
used in the motor-driven system 14 of this embodiment are 
omitted in illustration here. 

Here, in the motor-driven system 14 shown in Fig. 6A, 
the reduction gear 20 is mounted on a side surface and the 
outer rotating body 50 is mounted on the output outer 
circumference or the like of the reduction gear 20. 

in this case, though the structure of the motor-driven 
system 14 becomes complex in comparison with a single motor, 

k~ Gained in the motor-driven system 14 
large torque can be obtained in uic 

according to the present invention. 

incidentally, Figs. 6A and 6B show the configuration 
of the planet reduction gear as the reduction gear 20. 
this case, the planet reduction gear 20 is constituted by an 
internally toothed gear 23, planet gears 24 and a sun gear 
25 which is connected to the rotary shaft 22. 

By providing the planet reduction gear or the harmonic 
reduction gear 20 which is arranged coaxially with the 
rotational electric machine 21, it is possible to form a 
motor-driven system compact in size and large in torque, in 
this case, the load inertia in the terms of the motor shaft 



In 



I: 



becomes small. 

incidentally, in this case, the reduction gear ratio 

may be about 1/25 relative to that of a conventional motor. 

This is because the number of poles in the conventional 
m otor which has been used in these applications is 4 (four) 
on the average, while the number of poles in the motor used 
in the motor-driven system according to the present invention 

is 100 on the average. 

Further, since the reduction gear 20 is of a concentric 
type, the reduction gear 20 can be made compact in comparison 
with that of a general eccentric type. 

Assume that the number of pairs of the magnetic poles 
of the rotor of the motor is represented by P, the density 
of magnetic flux in the gap is represented by B, the number 
of turns in the coil of windings is represented by n, the 
current is represented by I, the generated torque is 
represented by T, the electric angular velocity of the rotor 
is represented by to, and the mechanical angular velocity of 
the rotor is represented by to., then the two expressions are 
established as follows. 

T = (P)(B)(n)(l) (1) 

to = to I P (2) 
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From these expressions, it can be understood that the 
torque T becomes large in proportion to the number of pole 
pairs P and that the mechanical angular velocity co m of the 
rotor becomes smaller as the number of pole pairs P becomes 

larger. 

That is, the motor to be used in this embodiment is a 
low-speed and large-torque motor. 

This feature is a characteristic adapted for an electric 

automobile or the like. 

This is because the electric automobile requires large 
torque at start-up but it requires smaller torque as the speed 
becomes high. 

However , there may be a case where a motor requires large 
torque even at a high speed. Two driving techniques of the 
motor-driven system according to the present invention suited 
to such a case will be described as follows. 

incidentally, each of the motors stated in Claims 1 and 
2 is of an outer rotor type which is suited to an outer rotor 
wheel- in-motor. However, the following two driving 
techniques are, of course, applicable to a motor of an inner 
rotor type so long as the motor has multi-poles and provided 
with inductors . 
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Of the various configurations of motors, there is a 
3-phase HB type rotational electric machine in which a HB type 
rotor is used. In the HB type rotor, two gear-like bodies 
each made of a magnetic substance with teeth the number of 
which is P are disposed in opposition to each other while they 
are displaced by 1/2 pitch from each other so that the two 
gear-like bodies hold an axially magnetized permanent magnet 
therebetween. Such a 3-phase HB type rotational electric 
machine can be made to function as an actuator which can be 
driven by star or delta connection, and which can obtain high 
resolution so as to obtain excellent cost performance. 

in this case, if the number of teeth of the rotor is 
represented by P, a 3-phase HB type rotational electric 
machine is established under the condition that P=m(3n±l) 

or p=k(6n±l) • 

in this case, the latter expression can be led out by 

the expression P=2k(6n±l)/2 because the latter expression 



is equiva 



lent to the former expression in which m is 



equivalent to 2k. 

Provided that, in the case of the former expression, 
m is the number of main poles of the stator for each phase 
and an integer not smaller than 1 , and in the case of the latter 



expression, 2k is the number of main poles of the stator for 
each phase and each of k and n is an integer not smaller than 



a s 



For example, in a case of a 12-slot stator with m=4 , 
tep angle is 0.6° in a stepping motor with n=8 and P=100. 
Further, in a case of a 6-slot stator with m=2 , a step angle 
is 1.2° in a stepping motor with n=8 and P=50. 

in this case, the current I in the expression ( 1 ) is 

as follows. 

I = V / (PW.L) < 3 ) 

When the value of w. is large, in order to make the 
current I large, it is necessary to make the applied voltage 
V large, incidentally, L designates inductance. 

To this end, a high frequency current is generated from 
a battery voltage by bidirectional PWM chopping or the like 
and this high frequency current is stepped up by a transformer 
or the like and applied. At a low speed operation, a 
low-frequency current is generated by PWM chopping so that, 
on the contrary, the voltage of the battery is stepped down 
and the lowered voltage is used to perform driving. Thus, 
nearly optimum driving can be obtained. 

Further, the following expression ( 4 ) is established. 
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T = (EI) / W m (4) 

Here, E designates a motional electromotive force. 

At this time, paricularly when driving is performed 
with open loop, the phases of the E and I become important. 

Generally, at the low or intermediate speed, the phases 
of the E and I are different from each other and the efficiency 
is not good, but at the high speed, the phases of the E and 
I are become identical with each other and the efficiency 

becomes good. 

Accordingly, for example, if a phase-locked loop 
control ( PLL control) in which the phase of the rotor and the 
phase of the current are made fixed is performed, the above 
problem can be solved. The driving controls correspond to 
Claims 5 and 6 respectively. 

prnirth Kmb"H i ment 

This embodiment corresponds to Claim 7. 

There is provided a 3-phase permanent magnet type 
rotational electric machine with inductors provided at 
forward ends of the respective stator main poles. The 
rotational electric machine is particularly useful when the 
number of the stator main poles for each phase is selected 
to be 3 (in the case where m-1 ) and 6 (in the case where »-2 ) . 
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in this case, if P=m(3n±l) or P=k(6n±l) is established, a 
3-phase rotational electric machine can be configured to be 
large in the output torque in comparison with a 2-phase or 
5-phase machine. Here, in the former expression, m 
designates the number of stator main poles for each phase and 
an integer not smaller than 1, and in the latter expression, 
2k designates the number of stator main poles for each phase. 
Further, each of k. and n is an integer not smaller than 1. 

That is, in this meaning, that which is disclosed in 
the fourth embodiment is a technique which is applicable to 
a rotational electric machine according to any one of 
Claims 1 to 3; or a rotational electric machine which is 
obtained by changing an outer rotor type rotational electric 
machine according to Claim 1 or 2 into an inner rotor type; 
or a 3-phase rotational electric machine of an outer or inner 
rotor type having main poles the number of which is 3m or 6k 
with 3-phase windings, the rotor being of a HB type in which 
the number of rotor teeth is P or being of a cylindrical type 
in which the number of rotor poles is 2P and the cylindrical 
r is magnetized into north (N) and south (S) magnetic 



roto 



poles alternately . 

From this point of view, if the motor of this embodiment 



is subjected to closed loop control, the output can be made 
larger so that the motor-driven system of this embodiment has 
a function as an actuator which is optimum for starting up 
a load or for preventing step out. 

Thus, that which is disclosed in this fourth embodiment 
and stated in Claim 7 shows specific means which is necessary 
for realizing that which is stated in Claim 6 as described 
above. That is, by knowing the current position of the rotor, 
current is made to flow in the coil of the windings so that 
a certain angle from the rotor is made to be fixed. 

That is, the motional electromotive force E is shown 
as E=d0/dt with respect to the rotor magnetic flux <t> . 
Accordingly, the phase is delayed by 90° 

Thus, if the positional information of the rotor is 
detected, the phase of E is known and it becomes possible to 
control the timing for making the current I flow to result 

lue of EI . That is , it is possible to control 



in the maximum va 



the phase of current 



F jfi-h and Kmhodiments 

Next, the fifth embodiment of the present invention 
stated in Claim 8 and the sixth embodiment of the present 
invention stated in Claim 9 will be described with reference 



to Figs.7A and 7B and Figs. 8A and 8B, respectively. 

If a 3-phase stepping motor which is excellent in 
efficiency and which shows torque larger than that in a 
2-phase or 5-phase machine is subjected to lead angle control , 
it is possible to obtain a motor-driven system having a 
function as an actuator which is excellent in torque property 
and small in vibration and noise, compared with that of the 
2-phase machine or the like. 

Fig. 7A shows a current sequence diagram of respective 
phase currents ia, ib and ic of 2-phase excitation due to 120° 
current conduction of a 3-phase machine. 

Fig. 7B shows vector diagrams of the rotating magnetic 
field F respectively when these currents ia, ib and ic are 
made to flow in a 3-phase machine at timings t lf t„ t 3 of Fig. 

7A. 

That is, the rotating magnetic field F moves by 60° from 
tl to t 2 , and further by 60° from t 2 to t 3 . Thus, the rotating 
magnetic field F skips by 60° every time. 

R designates the magnetic pole position of the rotor 
and it is possible to show the torque T as follows. 

t = kFRsiny 

Here, k is a constant, 7 designates a phase angle 
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between the rotating magnetic field F and the magnetic pole 
position R of the rotor. 

Accordingly, the torque T can be made maximum aty =90° . 
However, in a case of rectangular current of 120° current 
conduction as shown in Fig. 7A, as described above, the 
rotating magnetic field F cannot take any optional position 
but skips by 60° every time so that there may occur a situation 
that the phase angle 7 cannot take 90° according to the 
position of the rotor to thereby lower the torque, generate 

large vibration, etc. 

On the contrary, if micros tep in which the current is 
highly divided into many parts is employed, the phase angle 
y can be made near 90°. As an extreme case of the highly 
divided microstep, the current waveform becomes a 3-phase 
balanced sinusoidal AC current as shown in Fig. 8A. 

Fig. 8B shows the rotating magnetic field F in this case 

at the points of time t lf t 2 t 7 . in this case, the vector 

of the rotating magnetic field F can continuously take any 
optional position, but not skip by 60° like the case described 
in Fig. 8B. 

That is, as shown in Fig. 8A, in optional points of time 
tl and t 2 , the rotating magnetic field F can take optional 



25 



positions continuously correspondingly to a change in the 
current. Accordingly, the phase angle y can be retained at 
90« atall times. On the contrary , it will do to make a current 
flow such that the rotating magnetic field F having the phase 
angle 7 as 90° at all times is generated. Accordingly, it 
will do to detect the current position of the rotor R by a 
suitable sensor or the like so as to give such a current that 
gives the rotating magnetic field F with a lead angle of 
y degrees. 

Accordingly, preferably, the current is made to have 
a waveform of 3 -phase sinusoidal wave or a micros tep. 

incidentally, with respect to the number of main poles 
in the fifth embodiment corresponding to Claim 8, similarly 
to the case of the fourth embodiment, this technique can be 
applied to a rotational electric machine according to any one 
of Claims 1 to 3; or a rotational electric machine which is 
obtained by changing an outer rotor type rotational electric 
machine according to Claim 1 or 2 into an inner rotor type; 
or a 3-phase rotational electric machine of an outer or inner 
rotor type having main poles the number of which is 3m or 6k 
with 3-phase windings, the rotor being of a HB type in which 
the number of rotor teeth is P or being of a cylindrical type 
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in which the number of rotor poles is 2P and the cylindrical 
r is magnetized into north (N) and south (8) magnetic 



roto: 



poles alternately. 

Next, the seventh embodiment of the present invention 
stated in Claim 10 will be described. 

in a 3-phase permanent magnet type stepping motor, as 



descr 



ibed with reference to Fig. 7B, a step angle is 



an 



electric angle of 60°. 

Further, in the range where the load angle 7 is not 
larger than 90° , torque which is always attracted to the axis 
of the rotating magnetic field F acts normally and it is 
preferable in economical point to maKe the motor be an open 
loop stepping motor. The motor operates as an stable 
actuator in which no vibration or the like is generated at 

the time of standstill. 

However, if the load increases so that the load angle 
y exceeds 90° , the motor becomes apt to generate synchronous 
step out. 

in this case, if motor is made to be a closed loop 
brushless motor and the current is controlled so that the load 
a „ ql e r tikes 90", it is possible to obtain a motor-driven 
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system having a function as an actuator which operates as a 
multipole brushless motor and which is stable and causes no 
step-out. This feature is stated in Claim 10. 

The present invention is not limited to those 
embodiments described above but can be modified variously 
within the scope of the above-mentioned technical thought of 

the present invention. 

incidentally, as the positional information sensor for 
detecting the rotor of a 3-phase motor with inductors 
according to the present invention, an optical encoder or a 
resolver system in which a change of inductance is converted 
into a change of voltage or the like may be used. 

By making the configuration as any one of those 

embodiments described above, the motor-driven system having 

the stator provided with inductors according to the present 

invention has excellent effects as follows. 

( 1 > The configuration stated in Claim 1 shows the following 

effects . 

( i) With the configuration that each main pole of the 
stator is provided with an inductor constituted by a 
plurality of magnetic teeth, the number of poles of the 
rotor can be made large so that low-speed and 
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large-torque driving can be performed. 

(ii) Because of the outer rotor type configuration, 
the rotor outside portion or the like can be fitted to 
an inside or a side portion of a wheel or a drum, so 
that the system can be made compact. 

(iii) The magnetic poles of the outer rotor type 
permanent magnet rotor can be formed by magnetization 
so that the magnetic field flux can be distributed 

oidally to thereby bring about low vibration. 



sinus 



( 2 ) The configuration stated in Claim 2 can bring about the 
following effects. That is, besides the above-mentioned 
effects (1) (i)-(ii), because of the configuration that the 
rotor has magnetic teeth formed on the inner circumference 

ible to make the configuration simple and 



thereof, it is poss 



inexpensive. 

(3) If a reduction gear is provided as stated in Claim 3, 
it is possible to make the reduction gear small in reduction 



gear ratio and compact in size. 

(4) if the stator has a 3-phase winding structure as stated 
in Claim 4, the motor is made to be a 3-phase machine so that 
3-terminal driving can be performed with star-connection or 
delta connection and the driving becomes simple. 



Further, in the case of 3-phase machine, the machine is 
not affected by the magnetic field or the third harmonic of 
the current so that the rotation of the motor is smooth. 
(5) If the configuration is made as stated in Claim 5, the 
applied voltage is stepped up/down by chopping . Accordingly , 
if constant current driving is performed, the motor can be 
made to start up at high-speed large torque driving and the 
voltage applied to the motor can be changed in accordance with 
the speed. As a result, it is possible to perform high output 



and high efficient driving. 

(6) If the phase of current is controlled with respect to 
the motional electromotive force of the rotational electric 
machine as stated in Claim 6 , it is possible to perform driving 
with the optimum torque in accordance with the speed. 

(7) If the configuration is made as stated in Claim 7, by 
realizing this configuration in a 3-phase machine, it is 
possible to provide an actuator which is excellent in 
efficiency with low vibration, compared with a conventional 
case (2-phase machine). 

(8) If the configuration is made as stated in Claim 8 or 
9, the excitation current waveform of the 3-phase machine can 
be made to be not only rectangular waveform with 120°current 
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conduction but also stepwise waveform of microsteps or 



sinus 



oidal waveform. Accordingly, the degree of freedom in 



the value of lead angle 7 increases , it is possible to realize 
7=90°, and it is possible to further improve the efficiency. 
(9) If the configuration is made as stated in Claim 10, in 
accordance with the value of the angle y , it is possible to 
make the machine operate as a 3 -phase stepping motor or as 
a 3-phase brushless motor. Accordingly, in accordance with 
the load, it is possible to cope with the load by an optimum 
kind of motor by making the motor operate as a 3-phase stepping 



mo 



tor or a 3-phase brushless motor. Thus, convenience in use, 



improvement in general characteristic of a motor suited for 
the load, and improvement in economical point can be obtained. 



